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DIGITIZING APPARATUS 



BACKGROUND OF THE INVENTION 



1. Field of the Invention 

The present invention relates to a digitizing apparatus 
or digitizer to be used as an input device for computer 
equipment. 

2 . Description of the Related Art 

Fig. 5 is a perspective diagram showing the structure of 
a digitizer as a digitizing apparatus and Fig. 6 is a block 
diagram showing its configuration. 

A digitizer 1 has a display surface 2 and is connected to 
computer equipment via a cable 3 . On the display surface 2 is 
displayed a picture 4 in accordance with picture information 
that is supplied from the computer equipment. By writing a 
characters or drawing a graphic on the display surface 2 using 
an input pen 5, the tracing is sent to the computer equipment 
at predetermined time intervals as coordinate information. 

The digitizer 1 comprises a flat display 11, a resistance 
sheet 12, a display control circuit 13, a coordinate processing 
circuit 14, a picture memory 15, and a CPU 16. The flat 
display 11 is formed, for example, from a liquid crystal 
display (LCD) and positioned on the display surface 2 of the 
digitizer 1. The flat display 11 receives a picture signal Y 
together with a horizontal synchronization signal HD and a 
vertical synchronization signal VD, and displays a picture in 
accordance with the picture signal Y. The resistance sheet 12 



is a pressure-sensitive transparent resistor that is positioned 
on the display surface 2 while overlapping the flat display 11. 
The resistance sheet 12 has, for example , a first sheet 
positioned with a resistance in the horizontal direction 
overlapping a second sheet positioned with a resistance in the 
vertical direction, and has its resistance value R change 
depending on the location receiving pressure. 

The display control circuit 13 generates the picture 
signal Y on the basis of the picture data stored in the picture 
memory 15 as well as generates the horizontal synchronization 
signal HD and the vertical synchronization signal VD in 
synchronous with the picture signal Y, and supplies the picture, 
signal Y, the horizontal synchronization signal HD, and the 
vertical synchronization signal VD to the flat display 11. The 
coordinate processing circuit 14 is connected to the resistance 
sheet 12, and detects on the basis of the resistance value R 
that is input from the resistance sheet 12 the coordinate of 
the position receiving pressure on the resistance sheet 12. In 
the coordinate processing circuit 14, the continuously changing 
coordinate is detected periodically by sampling the change in 
resistance value R at a fixed period. The coordinate is then 
continuously sent to a bus 10 as coordinate information 
following a predetermined format. 

The picture memory 15 stores picture information one 
screen at a time supplied from the computer equipment that is 
connected to the digitizer 1 and supplies it to the display 
control circuit 13. The CPU 16 is, for example, a one-chip 
microcomputer, is connected via the bus 10 to the display 



control circuit 13, the coordinate processing circuit 14, and 
the picture memory 15, and controls the operation of each 
section in accordance with a predetermined control program. 
The bus 10 is connected to the computer equipment via an 
5 interface, and transfers information from the computer 

equipment to the picture memory 15 and the CPU 16 as well as 
transfers coordinate information from the coordinate processing 
circuit 14 to the computer equipment. 

In the above-mentioned digitizer, the tracing drawn with 

10 the input pen 5 on the display surface 2 can be continuously 

converted into numeric values as coordinate information and the 

- information can be loaded into the computer -equipment. ^ 
In the above-mentioned digitizer, it is necessary to 
position the resistance sheet 12 so as to overlap the flat 

15 display 11. A problem arises in which the structure of the 

display surface 2 becomes complex. Furthermore, since the y 
resistance sheet 12 has a plurality of sheets, a problem arises 
in which the display 11 becomes hard to see due to the 
influence of light interference. 
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SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
simplify the structure of the display device and to design the 
display device to be easy to see. 
25 The present invention is characterized by obtaining 

coordinate information from the display surface of the light- 
emitting display device in which is arranged a plurality of 
display pixels. 



A preferred embodiment comprises an electroluminescence 
display having a plurality of display pixels arranged in a 
matrix, and an input pen for contacting the display surface of 
the above-mentioned display and for detecting the emissive 
state of the display pixel at the position of contact , and 
causes the plurality of display pixels to emit light in a 
predetermined sequence and obtains coordinate information of 
the position of contact of the above-mentioned input pen. 

Furthermore, another preferred embodiment comprises an 
electroluminescence display having a plurality of display 
pixels arranged in a matrix, an input pen for contacting the : , 
display surface of the above-mentioned display and for 
detecting the emissive state of the display pixel at the 
position of contact, a display control circuit for displaying a 
picture on the above-mentioned display by setting timing of 
horizontal scanning and vertical scanning and for causing the v 
plurality of display pixels to emit light in dot sequence in 
accordance with the timing of horizontal scanning and vertical 
scanning, and a coordinate input processing circuit for 
generating coordinate information on the basis of change in 
detection output of the above-mentioned pen with respect to 
timing of horizontal scanning and vertical scanning of the 
above-mentioned display control circuit. 

According to the present invention, the need to provide a 
mechanism for coordinate recognition on the display surface of 
the display device is obviated by directly obtaining coordinate 
information from the display surface of the light emitting 
display device. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing an embodiment of a 
digitizing apparatus of the present invention. 

Fig. 2 is an equivalent circuit showing the configuration 
5 of an EL display. 

Fig. 3(a) and 3(b) are timing diagrams illustrating a 
first operation of the digitizing apparatus of the present 
invention. 

Fig. 4(a) and 4(b) are timing diagrams illustrating a 
p 10 second operation of the digitizing apparatus of the present 
m invention. 

nj Fig. 5 is a perspective diagram showing the structure.- ofo 

; .-. a digitizer, 
g" Fig. 6 is a block diagram showing an embodiment of a 

'.yjjj 15 conventional digitizing apparatus. 

; . ffk Fig. 7 shows the configuration of the coordinate 



present invention. The digitizer as a digitizing apparatus of 
the present invention comprises an electroluminescence (EL) 
display 21, an input pen 22, a display control circuit 23, a 
coordinate processing circuit 24, a picture memory 25, and a 
25 CPU 26. This digitizer has the same form as the digitizer 

shown in Fig. 5 and has a display surface on which characters 
and graphics are drawn with the input pen 22. The surface of 




processing circuit 14 . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Fig. 1 is a block diagram showing an embodiment of the 
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the EL display 21 uses a transparent substrate (such as a glass 
substrate) on which is formed emissive elements (EL elements). 

The EL display 21 has a plurality of display pixels (EL 
elements) arranged in a matrix, and forms the display surface 
5 of the digitizer. The EL display 21 displays a predetermined 
picture by causing the plurality of display pixels to emit 
light in accordance with the picture signal Y that is supplied 
from the display control circuit 23. The input pen 22 has an 
optical sensor formed at its tip, and by having it in contact 
% 10 with the surface of the light emitting EL display 21, the 
n emissive state of the display pixel at the position of contact 

y, is detected and the detection output P is generated. At the. ^ 
. input pen 22, an optical focal length is set ,so that light --.V 
reaches the sensor portion when the distance to the surface of 
15 the EL display 21 is within a predetermined value. Thus, the 
optical sensor of the input pen 22 can be prevented from % 
reacting to extraneous light when the tip of the input pen 22 
is moved away from the surface of the EL display 21. 

The configuration of the coordinate processing circuit 2 4 
20 is now shown in Fig. 7. The detection output P of the input 

pen 22 is supplied to a leading-edge detection circuit 41. The 
leading-edge detection circuit 41 detects a leading edge when 
the magnitude of change in the value of the detection output P 
is greater than or equal to a predetermined value. On the 
25 other hand, an H counter 42 is reset by the horizontal 

synchronization signal and counts H-CLK, which is a clock 
corresponding to the display of pixels in dot sequence. To the 
H counter 42 is connected an H register 43. The H register 43 



is loaded with the count value at the time of the H counter 42 
on the basis of the signal from the leading-edge detection 
circuit 41. Furthermore, a V counter 44 is reset by the 
vertical horizontal synchronization signal and counts V-CLK, 
5 which is a clock corresponding to the horizontal 

synchronization signal in the display of pixels in dot 
sequence. To the V counter 44 is connected a V register 45. 
The .V register 45 is loaded with the count value at the time of 
the V counter 44 on the basis of the signal -from the leading- 
Ci 10 edge detection circuit 41. 

As a result, when a leading edge in the detection output 
P. of the input pen 22 is detected at the leading-edge detection 
circuit 41, the count values of the H counter 42 and the V 
counter 44 are respectively loaded into the H register 43 and 
15 the V register 45 .: The values stored in the H register 43 and 
the V register 45 correspond to the display pixel position in 
the horizontal direction and the vertical direction and become 
the coordinate values of the input pen 22. As soon as the 
display for one screen completes, the CPU 16 is loaded with the 
20 values of the H register 43 and the V register 45 and the 
coordinate values of the input pen 22 are detected. 

In the case where a plurality of leading edges is 
detected in the detection output P during the display of one 
screen, only one need be adopted. Furthermore, after a 
25 plurality of coordinate values in the horizontal direction and 
the vertical direction are loaded into the H register 43 and 
the V register 45 in accordance with a plurality of leading 
edges, it is sufficient to select one coordinate value from 



these coordinate values. Furthermore, although it depends on 
the magnitude of the pixels and resolution of the input pen 22, 
in the case where the detection region of the input pen 22 
corresponds to multiple pixels, it is sufficient for the input 
pen 2 2 to recognize a plurality of pixels emitting light and to 
recognize the position of the input pen 22 as the center of 
that area. 

> The display control circuit 23 generates the picture 
signal Y on the basis of the picture data stored in the picture 
memory 25, and in accordance with the picture signal Y, also 
generates the horizontal synchronization signal HD and the 
vertical synchronization signal VD. The picture signal Y is ^ 
then supplied together with the horizontal synchronization ^ 
signal HD and the vertical synchronization signal VD to the EL 
display 21, and the horizontal synchronization signal HD and 
the vertical . synchronization signal VD are supplied to the : 
coordinate processor 24. Furthermore, the display control 
circuit 23 performs display operations for coordinate detection 
on the EL display 21 at the horizontal scanning period and the 
vertical scanning period. In this coordinate detection 
operation, the entire surface of the EL display 21 is scanned 
in a predetermined sequence and pixels of a fixed luminance are 
display in a dot sequence. 

The coordinate processing circuit 24 is connected to the 
input pen 22 and generates coordinate information on the basis 
of the change in the detection output P of the input pen 22, 
the horizontal synchronization signal HD, and the vertical 
synchronization signal VD. Namely, when the EL display 21 

8 




emits light in the coordinate detection operation, and the 
input pen 22 contacts a certain position on the surface of the 
EL display 21, the detection output P of the input pen 22 
changes at a timing at which the display pixel at the position 
of contact emits light. The timing of the change is then 
judged to correspond to a particular horizontal scan and 
vertical scan on the basis of the horizontal synchronization 
signal HD and the vertical synchronization signal VD. For 
example, after being reset at the timing of each leading edge 
(or trailing edge) of the horizontal synchronization signal HD, 
the count value of the counter counting only the number of 
display pixels iri the horizontal direction during the ^ 
horizontal scanning period is loaded at the timing of change in 
the detection output P of the input pen 22 so that the position 
in the horizontal direction can be detected. Similarly, after 
being reset at the timing of each leading edge (or trailing 
edge) of the vertical synchronization signal VD, the count 
value of the counter counting with the horizontal 
synchronization signal HD is loaded at the timing of change in 
the detection output P of the input pen 22 so that the position 
in the vertical direction can be detected. These detected 
positions are sent to a bus 2 0 as coordinate information in a 
predetermined format . 

The picture memory 25 stores the picture information one 
screen at a time supplied from the external computer equipment 
and supplies it to the display control circuit 23 under control 
of the CPU 26. The CPU 26 is connected via the bus 20 to the 
display control circuit 23, the coordinate processing circuit 
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24 , and the picture memory 25, and controls the operation of 
each section in accordance with a predetermined control 
program. The bus 20 is connected via an interface to the 
computer equipment and transfers information from the computer 
5 equipment to the picture memory 25 and to the CPU 26 as well as 
transfers coordinate information from the coordinate processing 
circuit 24 to the computer equipment. 
/ . ,Fig. 2 is an equivalent circuit showing the configuration 

of the EL display 21. The EL display 21 is of the active 
10 matrix type and comprises a plurality of display pixels 3 0 

arranged in a matrix, a horizontal driver circuit 34, a ^ 
; vertical driver circuit 35, and a pre-rcharge . circuit 36. ~ ^ 
The display pixels 30 respectively have a first.; ' ^ 

transistor Tl, a second transistor T2, a capacitor CI, and an 
J| 15 EL element Dl. The N-channel first transistor Tl and the P- 

m channel- second. transistor T2 are both thin-film transistors 

-I? 

|j formed on a transparent substrate. Tc the source of the first 

transistor Tl is connected the gate of the second transistor 
T2, and to the drain is connected a drain line 31. 

20 Furthermore, to the gate of the first transistor Tl is 
connected a gate line 32. To the drain of the second 
transistor T2 is connected a power line 33, and to the source 
is connected the EL element Dl. The capacitor CI is connected 
to a point between the source of the first transistor Tl and 

25 the gate of the second transistor T2 . The drain line 31 is 
provided in common with each column of the display pixels 3 0 
and is connected to the horizontal driver circuit 34 and to the 
pre-charge circuit 36. The gate line 32 is provided in common 
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with each row of the display pixels 30 and is connected to the 
vertical driver circuit 35. The power line 33 is provided in 
common for all the display pixels 30 and a driving voltage V d 
is applied for driving the EL element Dl. As a result, when 
the gate line 31 is selected, the first transistor Tl turns on 
and the signal voltage from the drain line 31 is applied to the 
gate of the second transistor T2 . The voltage applied to the 
gate of the second transistor. T2 is maintained by the 
capacitance of the capacitor CI even after the first transistor 
Tl turns off. Then, when the second transistor T2 turns on in 
accordance with the signal voltage that is applied from the 
drain line 31, the driving voltage V d from the power line f ^3 is 
applied to the EL element Dl via the second transistor. T2 so 
that the EL element Dl emits light in accordance with the 
signal voltage that is applied to the drain line 31. 

The horizontal driver circuit 34 sequentially drives the 
drain lines 31 in the horizontal scanning period and 
sequentially applies a voltage according to the picture signal 
Y to the drain lines 31 in accordance with the scanning 
direction. The vertical driver circuit 35 sequentially drives 
the gate lines 32 in the vertical scanning period and 
sequentially selects the gate lines 32 in accordance with the 
scanning direction. The pre-charge circuit 3 6 then applies a 
predetermined voltage to each display pixel 3 0 via the drain 
line 31 and sets each display pixel 3 0 to a desired state. 
Thus, the display pixels 3 0 are driven in dot sequence one line 
at a time and the signal voltage in accordance with the picture 
signal Y is sequentially applied to the display pixels 30. As 
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a result , a picture in accordance with the picture signal Y is 
displayed one screen at a time on the display surface of the EL 
display 21. Since the response speed of the EL element Dl is 
fast when compared to liquid crystals, this sort of EL display 
21 is suited for performing repetitive coordinate detection 
operations and picture display operations at high speeds • 

Fig. 3 (a) and (b) are timing diagrams illustrating a 
first operation of the digitizing apparatus. of -the present 
invention. Fig. 3(a) shows the case where the coordinate 
detection and picture display are completed in one horizontal 
scanning period and Fig. 3(b) shows the case where the 
horizontal scanning period for coordinate detection and th^e 
horizontal .scanning period for picture display are set. : 

When performing the coordinate detection operation in one 
horizontal scanning period, as shown in Fig. 3(a) > after once 
turning off each display pixel 30 that was: emitting light until, 
that time, the level of the picture signal Y is set so that 
light is emitted at a predetermined luminance. The erase 
operation can be performed simultaneously on the columns in 
selected row units by applying an erase voltage V e from the 
pre-charge circuit 36. Then, from the horizontal driver 
circuit 34 a medium voltage V m for causing each display pixel 
30 to emit light for coordinate detection is applied one column 
at a time to the row selected by the vertical driver circuit 
35. Since each display pixel 30 will emit bright light for a 
distorted picture if the level of the medium voltage V m is set 
high, it is preferable to set the medium voltage V m to a low 
level. However, if the medium voltage V m is set too low, the 
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emissive state will not be detectable by the input pen 22. 
Thus, the voltage is set so that the minimum emissive state is 
detectable by the input pen 22. The above-mentioned coordinate 
detection operation is completed in the horizontal blanking 
5 period that is set in the gap of the valid image period of the 
horizontal scan. The coordinate detection operation can be 
performed at a high speed by raising the frequency of the clock 
..: at . which the horizontal driver circuit 34 for the EL. display 21 
is operated. After the coordinate detection operation is 
*j 10 completed, the normal picture display operation is performed. 

M 

II By repeating this sort of coordinate detection operation and w 

11 , picture display operation during one vertical scanning period;*. 

M 

I" a picture in accordance with the picture signal Y is displayed 

si 

on the display surface of the EL display 21 and the position 
p 15 where the input pen 22 is in contact is detected as coordinate 
. information. In this sort of coordinate detection operation, - 
fl one coordinate detection is performed at every vertical 

scanning period. 

When setting the horizontal scanning period for 
20 coordinate detection and the horizontal scanning period for 

picture display, the horizontal scanning period is set to 1/2, 
and as shown in Fig. 3(b), after the coordinate detection 
operation is performed first, the picture display operation is 
performed for the same row. Namely, compared to the horizontal 
25 scanning period during which only the picture display operation 
is performed, the coordinate detection operation and the 
picture display operation are alternately repeated at 1/2 
periods so that the picture display operation is performed 

13 




immediately after the coordinate detection operation. The 
coordinate detection operation itself is identical to the 
coordinate detection operation shown in Fig. 3(a), and after 
the erase voltage V e is applied to each display pixel 3 0 of the 
5 EL display 21 , the medium voltage V m is applied in dot 

sequence. As a result, similar to the case of Fig. 3(a), the 
display of the picture in accordance with the picture signal Y 
; on the: display surface of the EL. display 21 and the coordinate 
detection of the position where the input pen 22 is in contact 
£! 10 are performed simultaneously. Also in the case of this sort of 

Q) . coordinate detection operation, one coordinate detect ion. is 

SI 

f|| performed at every vertical scanning period *~ -v-v ^ 5 ; 

■„ f? 

M ^ y ..<.:-.■■. . Fig. 4 (a) and (b) are timing diagrams illustrating^ 

h I 

B second operation of the digitizing apparatus of the present 

Jl 15 invention. Fig. 4(a) shows a case where; the .coordinate 
0(1 detection and the picture display are completed within one 

ft vertical scanning period, and Fig. 4(b) shows a case where the 

vertical scanning period for coordinate detection arid the 
vertical scanning period for picture display are set. 
20 When performing the coordinate detection operation in one 

vertical scanning period, as shown in Fig. 4(a), after once 
turning off each display pixel 30 that was emitting light until 
that time, the level of the picture signal Y is set so that 
light is emitted at a predetermined luminance. The level 
25 setting of this picture signal Y is identical with the first 
operation shown in Fig. 3(a). In the erase operation, the 
vertical driver circuit 3 5 is operated while the erase voltage 
V e is supplied from the pre-charge circuit 3 6 and all the 
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display pixels 3 0 are erased one line at a time. Then, while 
the vertical driver circuit 3 5 is operated, the medium voltage 
V m , in synchronous with this operation, is sequentially 
supplied from the horizontal driver circuit 34 so that all the 
5 display pixels 30 are caused to emit light in dot sequence. 

The above-mentioned coordinate detection operation is completed 
in the vertical blanking period that is set in the gap of the 
valid image period of the vertical scan. After this coordinate 
detection operation is completed, the normal picture display 
El 10 operation is performed. By repeating this sort of coordinate 
01 detection operation and picture display operation, a picture in 

Ft) - accordance with the picture signal Y is displayed on the; ■ 
41- • display surface of the EL display 21 arid the position where the 
s input pen 2 2 is in contact is detected as coordinate 

IF*? 

j;j 15 information. The coordinate detection operation can be 

n| 

Op -performed at a high speed by raising the frequency of the clock 
pi at which the horizontal driver circuit 34 and the vertical 

driver circuit 35 are operated. In the case of this sort of 
coordinate detection operation, one coordinate detection is 
20 performed at every vertical scanning period. 

When setting the vertical scanning period for coordinate 
detection and the vertical scanning period for picture display, 
the picture display operation is performed in a plurality of 
vertical scanning periods and the coordinate detection 
25 operation is performed in one vertical scanning period. 

Namely, compared to the conventional vertical scanning period 
during which only the picture display operation is performed, 

q 

the vertical scanning period is set short and the coordinate 
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detection is performed between picture display operations. 
For example, the frame rate is set at 5/4 by setting the 
vertical scanning period to 4/5, and the coordinate detection 
operation is performed during only one vertical scanning period 
after picture display operations are performed during four 
consecutive vertical scanning periods. The coordinate 
detection operation itself is identical to the coordinate 
detection operation shown in Fig. 4(a), and ..after the erase 
voltage V e is applied to each display pixel 3 0 of the EL 
display 21, the medium voltage V m is applied in dot sequence. 
As a result, similar to the case of Fig. 4(a), the display of 
the picture in, accordance with the picture signal Y on the^. 
display .surface of the EL display 21 arid the coordinate v 
detection of the position where the input pen 22 is in contact 
are performed simultaneously. In the case of this sort of 
coordinate detection operation, the coordinate detection 
operation is performed in accordance with the ratio of the 
coordinate detection operation to the picture display 
operation. 

The above-mentioned embodiments were illustrated with the 
EL display 21 having an active matrix system. However, as long 
as the display of pixels in dot sequence is possible, a simple 
matrix system is similarly applicable. In the case where the 
EL display 21 has a simple matrix system, the erase operations 
shown in Figs. 3 and 4 become unnecessary since each display 
pixel does not emit light unless in a selected state. 

It should be noted that the light emission in dot 
sequence of the EL display need not be performed for all pixels 
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in order to perform coordinate detection. Namely, a 
predetermined reduced number of pixels in the row and/or column 
direction may be caused to emit light. Furthermore, a 
plurality of pixels may be caused to emit light as a group in 
5 sequence. In particular, when the detection range of the input 
pen 22 is large compared to the size of a pixel, it is 
preferable to reduce the number of or group a number of pixels 
emitting light . . - .: 

• According to the present invention, the structure of the 
C? 10 display portion can be simplified and difficulties in viewing 
yi the display surface of the display device can be prevented 

f|J without the need for providing a mechanism for coordinate^ 

lis- 

=S= ; detection on the surface of the display; ; ;^ 

» While there has been described what are at present 

£71 

%gj 15 considered to be preferred embodiments of the invention, it 

! |l 

21 will be understood that various modifications may be made 

p > thereto, and it is intended that the appended claims cover all 

such modifications as fall within the true spirit and scope of 

the invention. 
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